Maize is a major crop grown and consumed in Uganda and it requires a high fertilizer input. However, the existing inorganic fertilizers in the market are often not affordable especially to small scale farmers, which results in decreased maize yields in the country. On the other hand, there is an abundance of unutilized animal manure, which, when treated, can be used to increase maize yields. This study evaluated the response of maize to products of different cattle manure treatment methods as well as inorganic fertilizer. The treatments such as cattle manure stored under shade (T), cattle manure stored in the open (M), cattle manure slurry digestate (S), vermicompost (V), and an inorganic fertilizer, DAP (D) were all applied in completely randomized block plots at an equal application rate of 50 kg N ha −1 with four replications per treatment. Control plots (C) where no fertilizer was applied were also considered. The experiment was done for two planting seasons in 2018. Number of leaves, plant height, cob, and grain yields were used to evaluate the performance of different fertilizer treatments. Economic assessment of all the six treatments was also carried out to determine the economic viability of applying these fertilizers on maize. Maize growth parameters and yields were all significantly increased (p < 0.05) with an application of both organic and inorganic fertilizers when compared with the control. However, there was no significant difference (p > 0.05) in the maize yields under the different fertilizer treatments. Vermicomposting was the most economically viable manure treatment method due to low operating costs and higher returns on investment that are supplemented with the production of chicken fodder (earthworm biomass) and, thus, can be recommended to farmers for production of a fertilizer that increases maize yields with assurance of economic returns.
Introduction
Despite having the fastest growing population and the highest soil depletion rates in the world, farmers in Sub Saharan African (SSA) countries have the lowest global fertilizer use of less than 10 kg ha −1 [1] . This is mainly a result of high prices associated with acquiring these fertilizers [2] . It is matter (OM), and nitrogen content (TKN) at the Makerere University soil laboratory following the procedures as specified by Okalebo et al. [21] . Emphasis of the soil nutrient analysis was on nitrogen since it is the limiting nutrient for growth of maize in the experiment location [17] . Nitrogen has been reported as the key determinant nutrient for maize grain yields [22] . The economically optimal nitrogen application rate for maize fields in this part of central Uganda is 50 kg N ha −1 as suggested by Kaizzi et al. [23] . This application rate was used to calculate the amount of each organic fertilizer to be applied in the field.
Manure Treatment Methods and Derived Products
For all manure treatment experiments, the same cattle manure generated by 11 Friesian (Bos Taurus) × Zebu (Bos Indicus) crossbred cattle at the MUARIK dairy farm was used. The cattle were fed on Napier grass (Pennisetum purpureum), Lablab (Lablab purpureus L.) hay, maize bran, and water on a daily basis. The cattle were housed in an open ended roofed barn with a concrete slab floor. The generated manure was collected from the barn on a daily basis and stored under a shade (T), in the open (M), in a biogas digester (S), and in a vermicompost system (V). The structures for manure storage for T and M (Figure 1 ) are the types commonly used by farmers using these technologies and are both rectangular in shape with dimensions of 2.6 m × 2.4 m and a manure holding depth of 0.2 m. In addition, the T facility was constructed with an iron sheet roof supported with treated poles (to minimize damage by termites) while the M facility was left open. For both storage facilities (T and M), drainage channels were constructed to divert runoff, which would erode cattle manure under storage. The slurry (S) was obtained from a fixed dome bio-digester. The capacity of the digester was 6 m 3 with a loading rate of 150 kg of cattle manure and 140 L of water every three days and a retention time of 69 days. Vermicompost (V) was obtained from vermicomposting units that were constructed and maintained as specified by Jjagwe et al. [24] . The units were made from wooden pallet frames from Albizia coriaria tree (local name Mugavu), each unit with a base pallet, two support pallets, and a top pallet ( Figure 1 ) of uniform dimensions (1 m × 1 m × 0.3 m). The feeding frequency of cattle manure into the units was dependent on the consumption rate of the earthworms. The moisture content within the vermicomposting units was maintained between 60%-70% by sprinkling water into the units. For T and M facilities, 720 kg of fresh manure was loaded and stored into each facility for three months from 20 December 2017 to 20 March 2018. For the S facility, 1250 kg of slurry was obtained from the digester after the retention time and stored under a shade for the same period as for T and M. Vermicomposting units also ran for three months [24] . The period of three months is suggested to be enough for stabilization of stored manure/compost [25, 26] . At the end of the storage period, 193 kg, 200 kg, and 682 kg of T, M, and S, respectively, were available.
The physio-chemical composition in terms of moisture content (MC), pH, TKN, total phosphorous (TP), total potassium (TK), and total organic carbon (TOC) of fresh cattle manure (FCM) and the derived products of T, M, S, and V after three months was determined according to procedures specified by Okalebo et al. [21] . pH was determined by dissolving and stirring 10 g of a sample in distilled water and using a digital pH meter model HI 96107 (Italy) to indicate the pH of the solution after standing for one hour. TK was determined using a flame photometer after digesting an oven dried sample for 2 h at 360 • C while TP was determined by an Atomic Absorption Spectrophotometer. TOC was determined after adding 5.0 and 7.5 mL of the aqueous potassium dichromate (K 2 Cr 2 O 7 ) and sulphuric acid (H 2 SO 4 ), respectively, to 0.5 g of the prepared sample in a block digester tube. This was subsequently placed in a pre-heated block at 145 • C-155 • C for 0.5 h. After cooling down, the digestate was titrated with ferrous ammonium sulphate solution until a color change from green to brown was attained. The amount of K 2 Cr 2 O 7 consumed during the chemical reaction indicated the total organic carbon content of the given feedstock. MC was determined as the lost weight after oven heating 10 g of a sample at 105 • C for 16 h [27] . 
Experimental Design for Fertilizer Tests
Five fertilizer treatments such as organic fertilizers T, M, S, V, inorganic fertilizer diammonium phosphate (18-46-0) DAP (D), and the control (C) with no fertilizer treatment were applied in a completely randomized block design (RCBD) with four replications. The treatments (T, M, S, V, D, and C) were laid out in individual plots measuring 4 m × 3 m with 1-m alleys in between. The different treatments were applied to the plants when planting at an application rate of 50 kg N ha −1 . Seeds of a hybrid variety of maize (Longe 5) were sown manually at a depth of about 3 cm below the soil surface at a spacing of 75 cm × 30 cm, with two seeds sown per hole. Longe 5 is mainly used by Ugandan farmers because of its ease of access, good adaptability, and its high protein content [28] . The experiment was run for two seasons. For season one, planting was done on 29 March 2018 and harvesting was on 20 July 2018. For season two, planting was done on 13 October 2018 and harvesting was on 30 January 2019. Each season was executed from an independent plot that had been under fallowing for the last two consecutive planting seasons. The experimental plots were kept free of weed using a hand hoe. Rainfall data for the two seasons was measured from a manual rain gauge installed at the experimental site.
Economic Analysis of Different Fertilizer Treatment Systems
The economic analysis of the different fertilizer treatment systems was carried out using three methods such as benefit to cost ratio (B/C), net present value (NPV), and internal rate of return (IRR). 
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Economic Analysis of Different Fertilizer Treatment Systems
The economic analysis of the different fertilizer treatment systems was carried out using three methods such as benefit to cost ratio (B/C), net present value (NPV), and internal rate of return (IRR). B/C of a project is the ratio between the present value of gross profits and the present value of costs. B/C indicates the present profit obtained per unit of the present investment with its applicability dependent upon the existence of at least one flow that is strictly positive and another that is negative [29] . The limitation of B/C is recognized when considering mutually exclusive projects with varying capital investments [30] .
NPV involves discounting all the future cash flows resulting from a project at a given discount rate and then summing them together [31] . The strength of using NPV for economic assessments is that it associates a cash value with an opportunity rather than a relative rate, and it also allows the consideration of projects with different risk profiles [31] . IRR is usually used as a supplement to NPV in evaluating the profitability of projects [32] . IRR indicates the value at which the discounted cost of a project is equal to its discounted income [32] . One of the shortcomings of IRR is that it does not tell anything about the size of the project but rather considers cash flows with incorporation of the time value of money, which provides an objective decision [33] . IRR is, thus, a relative measure of an investment as compared to NPV, which is an absolute measure [33] .
According to Arshad [33] , for mutually exclusive projects with differences in capital out lays, NPV is the best economic evaluation approach. Generally, NPV is considered as the most superior criterion for indicating the economic sense of a project [29, 33] since it incorporates variables such as uncertainty in project evaluation [34] . Using a number of assessment criteria such as B/C and IRR in conjunction with NPV is a justification of the desirability of a project between mutually exclusive alternatives [29] .
Interest rates above and below the Bank of Uganda (BoU) average rate of 13.9% [35] were used to assess the systems. The interest rates considered for assessment included 5%, 10%, 13.9%, and 24%. The economic analysis was done by considering the initial investment costs, annual operating costs, and estimated annual benefits. The initial investment of the T, M, S, and V facilities included cost of construction materials and labor used in construction. In addition, the cost of installing cooking and lighting equipment of the S facility and buying the initial earthworm stock for the V facility were considered in the initial costs (Supplementary Material). The operating costs for all the systems were categorized into cost labor for mixing, loading, and cleaning around facilities, and maize (Zea mays L.) crop production costs. The cost of water for mixing digester feedstock and maintaining proper moisture content in vermicomposting systems was included among the operating costs of the S and V systems, respectively. The initial cost of purchasing the inorganic fertilizer DAP (D) and maize crop production costs were considered as the initial investment and operating costs, respectively, for D treatment. The costs incurred in the manufacture and transport of the inorganic fertilizer were taken as sunk costs and not used in the economic analysis of the D system.
The annual benefits from all the treatment systems (T, M, S, V, D, and C) were determined by considering the annual revenue obtained by selling the maize. In addition, energy savings attributable to use of biogas and earthworms used as a poultry feed were added to the benefits of using anaerobic digestion and vermicomposting systems, respectively. The economic assessment was conducted for a period of 20 years, which was the design life of a fixed dome digester [36] . The present worth (PW) of costs and benefits over the period of assessment were computed from Equation (1). Using Equation (2), the B/C ratio of the treatments were determined. The NPV for each treatment was calculated from Equation (3) . Overall, the fertilizer treatment system, which had higher NPV, B/C, and IRR greater than the economic opportunity cost of capital (EOCK), which was 11% for Uganda [35] , was considered most economically viable [37] .
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where:
NPV is the net present value, A is the annual net cash flow, i is the interest rate, n is the period of investigation in years, and Io is the initial investment of the system.
Data Collection
Plant height, number of leaves, cob yield (t ha −1 ), and total grain yield (t ha −1 ) were used as the indicator parameters of the performance of different treatments. Plant height and number of leaves were measured at 2, 4, 6, and 8 weeks after planting (WAP). The measurement process was as follows. Within each plot, four plants along the two diagonals were randomly selected and their number of leaves and heights measured. The height was measured as the distance from the soil surface to the topmost leaf tip or tassel using a linear tape measure (COLT GERMANY 5m). Cob yield was taken by weighing the dry unhusked maize cobs (85% dry basis) from each plot after harvesting. Grains from the cobs were threshed manually to avoid grain loss after which the grains were weighed to obtain grain yield from each plot. Cob and grain yields were recorded in kilograms with the weight being obtained using a GLOBE digital weighing scale model 821-018 (Adam Equipment Inc., Oxford, UK) and then converted to t ha −1 .
Data Analysis
Results were expressed as mean ± standard deviation. The effects of fertilizer treatments and season of planting on maize growth parameters and yield were analyzed using a two-way ANOVA. The differences of significant treatment means were further analyzed using a Tukey test at a 5% significance level. All of the statistical analysis was done using GenStat software 14th edition. Prior to ANOVA tests, data was tested for normality and homogeneity/equal variance using the GenStat distribution directive through the production of residual plots. The produced residual plots were normally distributed about the mean with variances being homogeneous, which meets the assumptions of ANOVA.
Results and Discussions

Characteristics of Soil, Manure, and Manure-Derived Products
The results from soil analysis from the experimental site indicated that the soil had a pH of 6.25 ± 0.32, organic matter (OM) of 4.25 ± 0.42%, and N of 0.14 ± 0.02%. According to Peng et al. [38] , the critical soil nitrogen content in the soil for maximizing maize growth has to be above 0.2%. The results from soil analysis, therefore, indicated a deficiency in nitrogen content, which justifies the application of fertilizers to the field. The physio-chemical compositions of cattle manure and the derived products after its treatment are shown in Table 1 . The nutrient concentration (N, P, K) of cattle manure increased when subjected to different manure treatment methods. Among the manure treatment methods, vermicomposting showed the greatest increase in the plant nutrients. Based on these compositions and the restriction to apply 50 kg ha −1 of nitrogen with a consideration that 30% of TKN is available for plant use, the resulting manure derived products' application rates were 5 t ha −1 , 7 t ha −1 , 10 t ha −1 , and 8 t ha −1 for T, M, S, and V, respectively. These were equivalent to phosphorous application rates of 13 kg ha −1 , 10.5 kg ha −1 , 10 kg ha −1 , and 26.4 kg ha −1 , and potassium application rates of 21.5 kg ha −1 , 30.8 kg ha −1 , 19 kg ha −1 , and 40 kg ha −1 for T, M, S, and V, respectively. The fertilizers were applied at planting by incorporating them into the soil to reduce the rate of volatilization. A fall in pH for all the manure treatment methods may be attributed to mineralization of phosphorous and nitrogen compounds by microorganisms, and earthworms for the case of vermicomposting [39] . This fall in pH could have caused an increase in nitrogen content for all the treatment methods as compared to the fresh cattle manure since nitrogen is easily lost as volatile ammonia at high pH values [40] . For vermicomposting, an increase in total nitrogen content may also be attributed to earthworm activity such as the addition of mucus, growth-stimulating hormones, nitrogenous excretory substances, and microbe-mediated transformations [41] . A reduction in moisture content especially for T, M, and V systems is indicative of the progress in composting [42] , which may be attributed to a high consumption rate of cattle manure by microorganisms, earthworms, and bacteria, which makes it friable [43] . The decrease in the amount of carbon may be attributed to its role as an energy source for both earthworms and microorganisms [44] . A fall in C/N is associated with a loss of carbon as well as an increase in TKN. The C/N ratio is an indicator for maturity of compost/vermicompost [45] and usually values < 12 signify compost maturity and stabilization [46] . Hence, it is indicated from the C/N ratios of cattle manure derived products (T, M, V, and S) that they had reached maturity. The increase in TK in all the manure derived products could be attributed to solubilizing of insoluble potassium as a result of acid production by microorganisms [47] .
With regard to the different manure treatment methods, vermicomposting has been reported to be the most environmentally-friendly in reducing nutrient losses and greenhouse gas (GHG) emissions to the atmosphere. For instance, vermicomposting of cattle manure was reported to retain more than 75% of the initial nitrogen after three months [24] as compared to 69% and 54% N retention from stockpiling and composting of cattle manure, respectively, for the same storage period [48] . In terms of GHG emissions, vermicomposting of cattle manure had a global warming potential (GWP) of 324 kg CO2 eq t −1 waste after three months of evaluation [24] as compared to GWP of 605 kg CO2 eq t −1 waste, 741 kg CO2 eq t −1 waste, and 605 kg CO2 eq t −1 waste from composting, stockpiling, and anaerobic digestion of cattle manure for the same evaluation period [49] . On the other hand, Komakech et al. [18] reported about 1670-2740 kg CO2 eq t −1 during the production process of DAP.
Maize Plant Height and Number of Leaves as Influenced by Treatments
The variation in height and number of leaves of the maize crop for the different treatments is shown in Tables 2 and 3, respectively. Results indicated significant differences (p < 0.05) exist in maize height between treatments, weeks after planting (WAP), and seasons. However, the interaction of these factors was not significant (p > 0.05). Season one exhibited better results for plant height across all treatments compared to season two ( Table 2 ). The mean plant height for all treatments increased with time. DAP (D) gave the greatest mean plant height across weeks of measurement, which is followed by vermicompost (V) while the least mean plant height for the two seasons was from the control plots (C). Shisanya et al. [50] attributed higher maize plant height from inorganic fertilizers to readily available N of inorganic fertilizers as compared to N from organic fertilizers, which must first decompose and mineralize before being available to plants. This causes organic nutrients to be slowly released to crops [51] . The number of leaves increased with time for all treatments. There was no significant difference (p > 0.05) in the number of leaves for the different treatments across seasons. However, between seasons, the number of leaves in week 6 and week 8 were significantly different (p < 0.05). 
Cob and Grain Yields
The seasonal variation of cob and grain yields for the different treatments is shown in Figure 2 . There was a significant difference (p < 0.05) in cob and grain yields within treatments and seasons, but the interaction between seasons and treatments was not significantly different (p > 0.05). Grain yields for season one increased in the order D > V > S > T > M with increments of 67%, 62%, 45%, 45%, and 44% over the control (C), respectively. For season two, grain yields increased in the order of D > S > V > T > M with increments of 50%, 48%, 45%, 36%, and 24% over the control (C), respectively. and grain yields ranged between 3.10-5.17 t ha −1 and 2.50-3.88 t ha −1 for season one and season two, respectively, across all treatments. These results are comparable to those of Glaser et al. [52] who reported 5-8 t ha −1 in maize cob yields in fields treated with compost, digestate, and mineral fertilizer. They further stressed that compost and biogas digestate were both as effective as the mineral fertilizer in maize yield performance. Similar results were reported by Bayite-Kasule [53] in Central Uganda when 90 kg N ha −1 was applied. Doan et al. [54] reported that the maize grain yield from vermicompost (4.7 t ha −1 ) was better than that of compost (4.1 t ha −1 ) using buffalo manure as the substrate even though the differences were not significant. Komakech et al. [17] reported cob yields in the range of 6.6-18.5 t ha −1 for the similar organic fertilizer treatments as of this study. An assumption that cob yields represent 63% of the total weight of husked maize for all the experimental plots was used. Hence, this assumption might have caused differences in their results and those of this study. Higher fertilizer application rates (90 kg N ha −1 ) were used by Komakech et al. [17] , which could also be the reason for their higher reported maize yields. The non-significance in maize yields (cob and grain) between organic amendments and DAP in this study may be attributed to the same Nitrogen fertilizer application rate used (50 kg N ha −1 ). Studies have shown that, when organic and inorganic fertilizers are applied at the same rates especially in terms of macronutrients (N, P, and K), similar effects in crop yields are obtained [55] [56] [57] . Since P and K application rates for the fertilizer treatments differed, no significant differences in maize yields were observed. This may be a result of P and K being non-limiting nutrients for growth of maize in the experiment area, as reported by Komakech et al. [17] . According to Doan et al. [54] , significant differences in crop yields due to organic amendments can be clearly shown in water stress Maize cob yields as obtained in this study ranged between 4.52-7.27 t ha −1 and 3.54-5.58 t ha −1 and grain yields ranged between 3.10-5.17 t ha −1 and 2.50-3.88 t ha −1 for season one and season two, respectively, across all treatments. These results are comparable to those of Glaser et al. [52] who reported 5-8 t ha −1 in maize cob yields in fields treated with compost, digestate, and mineral fertilizer. They further stressed that compost and biogas digestate were both as effective as the mineral fertilizer in maize yield performance. Similar results were reported by Bayite-Kasule [53] in Central Uganda when 90 kg N ha −1 was applied. Doan et al. [54] reported that the maize grain yield from vermicompost (4.7 t ha −1 ) was better than that of compost (4.1 t ha −1 ) using buffalo manure as the substrate even though the differences were not significant. Komakech et al. [17] reported cob yields in the range of 6.6-18.5 t ha −1 for the similar organic fertilizer treatments as of this study. An assumption that cob yields represent 63% of the total weight of husked maize for all the experimental plots was used. Hence, this assumption might have caused differences in their results and those of this study. Higher fertilizer application rates (90 kg N ha −1 ) were used by Komakech et al. [17] , which could also be the reason for their higher reported maize yields.
The non-significance in maize yields (cob and grain) between organic amendments and DAP in this study may be attributed to the same Nitrogen fertilizer application rate used (50 kg N ha −1 ). Studies have shown that, when organic and inorganic fertilizers are applied at the same rates especially in terms of macronutrients (N, P, and K), similar effects in crop yields are obtained [55] [56] [57] . Since P and K application rates for the fertilizer treatments differed, no significant differences in maize yields were observed. This may be a result of P and K being non-limiting nutrients for growth of maize in the experiment area, as reported by Komakech et al. [17] . According to Doan et al. [54] , significant differences in crop yields due to organic amendments can be clearly shown in water stress conditions. However, for the case of this study, rainfall was evenly distributed across the two seasons even though it was greater for season one (538 mm) than season two (415 mm), which likely explains better performance in season one. Some studies [58, 59] have reported better performance of organic manures than inorganic fertilizers on maize yield. In these studies, high application rates of organic amendments (>15 t ha −1 ) were used. However, according to Celestina et al. [55] , although high organic amendment rates will eventually ensure high productivity gains, these gains are not necessarily economical. In addition, these high rates can lead to increased greenhouse gas emissions, higher losses to runoff, and reduced nutrient use efficiency.
Though not significantly different, vermicompost (V) showed higher performance attributes than other organic amendments (S, T, and M). This could likely be due to the fact that different organic manures have different decomposition rates [10] . Vermicompost has been reported to have a much finer structure than other composts and organic manures and, hence, availing nutrients in a faster, readily available form for plant uptake [60] . In addition, according to Atiyeh et al. [60] , most decomposed organic manures release mineral nitrogen in the form of ammonium ions whereas vermicompost releases it in the form of nitrates, which is a form that is readily utilized by plants. A crop's response to organic amendments is also dependent on the C/N ratio [61] with the best response attained from low C/N ratio amendments [61, 62] . This could, thus, explain why vermicompost (V) with the lowest C/N ratio (Table 1) showed better performance attributes than other organic amendments (S, T, and M) in this study.
Economic Performance of Different Fertilizer Treatments
The initial investments, annual costs, annual benefits, and the indicator parameters (PW, B/C ratio, and NPV) of the different fertilizer treatments are shown in Table 4 . The cost and revenue details for each treatment are shown in the Supplementary Material. Considering the Bank of Uganda interest rate of 13.9%, vermicompost (V) had the highest NPV (USD $15,203) while no fertilizer application (C) had the least NPV (USD $1156). At the same interest rate, the B/C ratios of the five fertilizer treatments (T, M, S, V, and D) were all greater than 1 (Table 4 ), which implies that applying any of these fertilizers on maize is economically viable. It is worth mentioning that, even with an increase in the interest rate as high as 24% employed by most commercial banks in Uganda, the NPV (USD $9323) of V was the highest and the B/C ratios of all the treatments were greater than one indicating economic viability at this interest rate. The IRRs for the five fertilizer treatments were 2562%, 489%, 45%, 1533%, and 466% for T, M, S, V, and D, respectively, which were all above 11% within the EOCK of BoU. This implies that, at the Bank of Uganda, the interest rate with all the five fertilizer treatments were economically viable. Table 4 . Costs and economic indicators of different fertilizer treatments on maize.
Treatment
Costs (USD)
Initial Investment Annual Costs Annual Benefits Annual Net Cash Flow
NPV assumes that cash inflows are reinvested at the required rate of return while IRR assumes reinvestment at the computed IRR [33] . Reinvesting at the required rate of return is more realistic and reliable when comparing mutually exclusive alternatives [33] . On this note, vermicompost with the highest NPV is considered to be the most economically viable treatment method. Results of this study are in agreement with Guo et al. [63] who reported that cattle manure treated by vermicomposting had higher economic returns on maize growth and yield compared to traditional composting. They attributed this to many harvested earthworms that could be used as animal feed in addition to greater maize yields. On the other hand, Choudharya and Kumar [64] also reported vermicompost to be the most economically viable fertilizer treatment on maize when compared to poultry manure, swine manure, cow dung manure, and farmyard manure.
Conclusions
In this paper, we investigated how organic fertilizers could be used in place of conventional fertilizers that are somewhat not affordable by most small holder farmers in low to middle income countries on top of causing environmental and health challenges. We, therefore, used cattle manure as a substrate and subjected it to different treatment methods such as vermicomposting, storage in the open, and under a shade as well as anaerobic digestion. This was done by acknowledging the fact that using these organic materials in untreated form may create more health and environmental problems than the inorganic fertilizers. The derived products were used as fertilizers on maize in comparison with an inorganic fertilizer, DAP, at the same nitrogen application rate. From the results, it can be concluded that treating organic materials prior to their use as crop fertilizers improves their quality in terms of the macronutrients (N, P, and K). In addition, organic amendments can perform as good as inorganic fertilizers when the essential crop nutrients (N, P, K) are applied at the same rate. For this study, maize yield was significantly increased with the application of a fertilizer with no significant differences among the fertilizer treatments of DAP, vermicompost, stored manure under shade, stored manure in the open, and cattle manure slurry at the same nitrogen application rate. All the fertilizer application treatments were economically viable much as vermicompost made the most economic sense. Vermicomposting has also been reported to be the most environmentally-friendly technology in terms of reducing gaseous emissions and retaining nutrients within cattle manure. It can, therefore, be concluded that vermicomposting can be adopted as an environmentally safe and economical technology for the production of a fertilizer from organic materials with assurance of increased crop yields. It is worth mentioning that other forms of organic waste management (storage, composting, and anaerobic digestion) can produce products that can replace inorganic fertilizers as long as the right economically optimal quantities are applied.
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